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Aqueous extracts of plant-derived smoke stimulates seed germination. To isolate the active compound(s), smoke 
extracts of Passerina vulgaris and Themeda triandra were subj ected to bioassay-guid ed fractionation. Purification 
steps included liquid-liquid partitioning, semi-preparative HPLC, two TLC systems and analytical HPLC. Each 
purification step was examined using the le ttuce seed germination bioassay. Biologically active fractions were selected 
for furthe r purification. Active fractions from the last HPLC purification step were analysed by high-resolution GC-MS, 
Twelve compounds were identifi ed, of which seven were present in bolh the P. vulgaris and T. triandra extracts. Fou r of 
the compounds that were commercial ly available were tes ted in the letluce seed bioassay and were found 10 be 
inactive. 
Walerekstrakte verkry van planlrook stimuleer saadonlkieming . Om die aktiewe verbindings in rook Ie isolesr is 
rookekstrakte van Passerina vulgaris en Themeda triandra onderwerp aan biotoets-gereguleerde fraksionering . 
Suiweringstappe het vloeistof-vloeislof partisie, semi-preparatiewe HPLC, Iwee TLC slelsels en analitiese HPLC 
ingesluit. Elke stap is ondersoek mel die slaaisaad-biotoets. Biologies-aktiewe fraksies het verdere suiwering 
ondergaan. Aktiewe fraksies van die laaste HPLC stap is onderwerp aan hoe resolusie GC-MS. Twaalf verbindings is 
geYdentifiseer waarvan sewe in beide die P vulgaris en T. triandra ekstrakte gevind is. Vier van hierdie verbindings wat 
kommersiee l bekom kan word was onaktief in die slaaisaad-biotoets. 
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Introduction 
A recent report indica ted the presence of unknown compounds in 
plan t-derived smoke exlact that stimulate the gcnnination of 
light-sensitive Grand Rapids lettuce seed in the dark (van Staden 
eI al. 1995b). It is importan t to identify these compounds as they 
are volatile and act as chemical messengers in en vironments 
where fire plays an important role (d e Lange and Boucher 1990; 
Brown 1993a; Brown el af. 1993; Baxter el al. 1994). These 
stimulatory compounds are no t re leased on burning of specific 
plant material only. S tim ulato ry effec ts have also heen reported 
with plant extracts obtained by burning chaparral-derived matc-
rial (Keeley & Pizzorno 1986), material from fynbos shrubs 
(Brown 1993b), and grass (Baxter el al. 1994) . These active 
compounds also improve the germination of seeds not subjected 
to fire , such as vegetables (Drewes el at. 1995, Thomas & van 
Staden 1995, van S laden et at. 1995a). The volati le stimulants 
therefore appear no l to be plant or donnancy specific, but arc 
involved in breaking different types of seed donnancy. As such, 
they may prove to be importan t growth regulators in nurseries 
and natural environments. It will be a difficult task to identify 
these active substances. as smoke contains hundreds of different 
volativc compounds (Maga 1988). Using the recently described 
lettuce seed bioassay (Drewes el at. 1995) we ou tli ne our efforts 
in thi s regard . We fee l i t is essent ial that all results be docu-
mented, even if tbey are negative w ith respect to the s timulation 
of gennination, as it will he lp to speed up the search fo r the 
active principle(s) . 
Materials and Methods 
Preparation of smoke extract and initial liquid-liquid 
partition 
Aqueous smoke extracts of Passer;lIu vulgaris Thoday and Themeda 
lrjandra Forssk . we re prepared as described previous ly (Brown 
1993a; Baxter el a1. 1994). One litre of each extract was partitioned 
three tunes against equal volumes of ethyl acetate. The ethyl ace tate 
fractio ns were dried over anhydrous Na2S04' taken to dryness in 
vacuo and then resuspended in 2 mlllPLC-grade metbanol. 
HPLC methods 
All separati ons were carried out us ing a Varian 5000 instrument. 
Semi-preparative (250 x 10 mm i.d .) or analytical (250 x 4.6 mm 
Ld.) columns packed with Hypcrs il 5 ODS, C IS were used. The 
mobile phase was acetic acid (0.2 M buffered to pH 3.5 with triethyl-
amine) -methanol. The methanol was increased from 10- 20% over 5 
min, held for 15 mm and then increased to 30% over a further 20 
min. Flow rates were 2.5 ml min'! for lhe semi-preparative column 
and 1 ml min·1 for the analytical co lumn. Fifty fractions were co l-
lectcd. 
TLC systems 
Combmcd active fractions were taken to dryness, resuspended in 
methanol and applied to Merck Silica gel 60 f 254 (0.25 mm) thin-
layer plates. r n TLC system A, benzene:acetone 4: 1 was used as elu-
ent. In TLC system H, the eluent was the upper phase of n-buta-
nol:NH,OH:II,D (6: I :2) . 
Bioassay 
The Grand Rapids lettuce seed bioassay as described earlier (Drewes 
el al . 1995) was used to detect biological activity. At all purification 
steps two c.:oncen trations (to-fold diluted) were assayed to ensure 
tha t at leas t one of the dilutions was within the activity range of the 
bioassay. 
GC-MS 
Samples were analysed on an HP 5890 1 instrument. A 25-m DB5 
column was used. Injector temperature was 240°C. T he GC was pro+ 
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grammed for 1 min at 30 De, increased by lODe minot to 80°C, then 
increased by 5°C min- l to 240°C, and maintained at 240°C for 10 
min. Chemical identifIcations were made by comparing obtained 
mass spectra with those in computer libraries. 
Chemicals 
3-Hydroxy-acctophenone was obtained from Fluka. 2-Hydroxyben-
zonitrilc, 3-hydroxybenzonitrile and 4-hydroxybenzonitrilc were 
obtained from Janssen Chimica. 4-Hydroxy-3-mcthyl-benzaldebyde 
came from Aldrich Chemical Co. Octanoic acid, methyl ester was 
from Sigma. 
Results and Discussion 
Smoke extracts of Passerina vulgaris, a fyobas shrub, and 
Themeda triandra, a grass, were purified by bio-assay guided 
fractionation using the techniques outlined by van Staden et at. 
(1995b). The smoke extracts were partitioned three times against 
ethyl acetate. The combined ethyl acetate fractions from each 
extract were taken to dryness, resuspended in methanol and sub-
jected to semi-preparative HPLC. Fifty 2.5-ml fractions were 
collected. Biological activity was found in fractions 36-46 using 
the lettuce seed bioassay. The active fractions of each extract 
were com bin ed, taken to dryness and then applied to TLC plates. 
The TLC plates were developed using TLC system A. The TLC 
plates were divided into 10 Rrfractions (i.e. the distance travelled 
by the eluent divided by 10). Silica gel from each Rr fraction was 
scraped off and eluted with methanol. The methanolic extracts 
were assayed using the lettuce seed bioassay. Activity was 
detected in Rr fractions 7-10 [or both the P vulgaris and T 
triandra extracts. The methanolic extracts of the silica gel from 
Rf fractions 7-10 were combined and taken to dryness and then 
applied to new TLC plates. These plates were developed using 
TLC system B. Again the TLC plates were divided into 10 Rf 
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Table 1 Compounds identified in purified extracts of P 
vulgaris and T. triandra by high-resolution GC-MS. Only 
best fits with a purity value over 700 are included in the 
table. 
Present Present 
inP. inT 
Chemical name CAS number vulgaris triandra 
1. 1 ,2-benzenedicarboxylic acid, 
butyl 2-methyl propyl ester 
2. 1 ,2-benzenedicarboxylic acid, 
diisooctyl ester 
3. 4-(2-benzothiazolylthil) 
morpholine 
4. 2,6-bis(I,I-dimcthylcthyl}-4-
methyl-phe nol 
5. 4-hydroxy-acelophenone 
6. 2-hydroxy-benzonitrile 
7. 4-hydroxy-3-methylbenzaldehyde 
8. 2-(hydroxymcthyl)-l H-isoindole-
1,3(2H}-dione 
9. 2,2'-(mcthylencbis[6-1,I-dime 
thylethyl-4-ethyl-phenol] 
10. 4,4'-(l-methylethylidene)bis-
phenol 
11 . 14-methyl-pentadecanoic acid, 
methyl ester 
12. Octadecanoic acid, methyl ester 
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Figure 1 Germination of Grand Rapids lettuce seeds following application of fractions derived by analytical HPLC of P. vulgaris (A) and T 
triandra (B) smoke~derived extracts. HPLC-derived fractions of lO)lm and 1(0)lIll were assayed . Control germination was 18.4%. 
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Figure 2 GC proflles of P. vulgaris (A) and T. rriandra (B) smoke-derived extracts subjected to GC- MS. Peaks identified by GC- MS are 
indicated. Numbers are as in Table 1. 
fractions and silica gel from each fraction was extracted and the 
extracls analysed using the bioassay. Biological activity was 
found in Rf fractions 9-10 for the P vulgaris extract and in R[ 
fractions 8-10 for the T triandra extract. Silica gel from the 
active Rr fractions were scraped from the plates and eluted with 
methanol. The methanolic extracts were taken to dryness, redis-
solved in methanol and fractionated by HPLC using an analytical 
column. Fifty I-ml fractions were collected. The fractions were 
assayed [or activity in the lettuce seed bioassay and the results 
are shown in Figure 1. The active fractions (24-30) were com-
bined and subjected to high-resolution GC-MS . GC profiles [or 
the P. vulgaris and T. triandra extracts are indicated in Figure 2. 
Compounds identifed by GC-MS are listed in Table I. 
Twelve compounds were identified, of which seven were 
present in both extracts. There may be several active compounds 
in smoke, and smoke from different plant species may contain 
different ac tive compounds, but it can be expected that when two 
smoke extrac ts are subjected to the same series of fractionation 
steps, the final fraction will contain the same ac tive compounds. 
We postulated that the active substances were present among the 
seven compounds identified in both our extracts. 
We obtained some of these commercially, namely 4-hydroxy-
acetophenone and its two isomers 2-hydroxyacetophenone and 
3-hydroxyacetophenone, 2-hydroxybenzonitrile and its two iso-
mers 3-hydroxybenzonitrile and 4-hydroxybenzonitrile and 
4-hydroxy-3-methylbenzaldehyde. as well as the methyl ester 
of octadecanoic acid present in the T. triandra extract. These 
compounds were tested for biological activity in the lettuce 
seed bioassay at concentrations from 10-4 to 10'] S M. None was 
found to be the stimulatory component. 
The active agen t may be in one of the compounds not yet 
tested, or in one not yet identified. As seen from the GC profiles 
of the active fractions (Figure 2) there are many compounds 
present that have not been identified. It is also possible that activ-
ity requires the presence of more than one compound. Because 
the active compound(s) in smoke holds great potential for future 
conservation and commercial use it is important that it should be 
identified. 
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